A large spirillum was isolated from a freshwater pond in West Bengal. Its deoxyribonucleic acid base composition (5 1 mol% guanine + cytosine) and cell diameter (0.9 to 1.2 pm.) were similar to those ofAquaspirillurn serpens and A . putridiconchyliurn. Although its characteristics corresponded more closely to those of the latter species than of any other, the spirillum is unique in having an unusually high temperature for optimal growth (41 C), in forming water-soluble pigments from tyrosine and tryptophan, and in several other nutritional, biochemical, and serological characteristics. On the basis of these differences, the isolate was proposed as a new species, Aquaspirillum bengal. The type strain was deposited with the American Type Culture Collection under the number 2764 1.
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Because of their helical shape, spirilla have attracted attention since the beginnings of the science of microbiology. Although spirilla are widely distributed in freshwater and marine environments, they are relatively difficult t o isolate (1, 5 , 9, lo) , and the characterization of the genus Spirillum has not been extensive until recent years. A comprehensive characterization of spirilla has been provided by Terasaki ( 6 , 7 ) and by Hylemon et al. (2) . The latter authors proposed a division of the genus into three genera: Spirillum (containing obligately microaerophilic freshwater spirilla possessing a deoxyribonucleic acid [ DNA 1 base composition of 38 mol% guanine + cytosine [ G K ] ) , A quaspirillurn (containing aerobic freshwater forms possessing a G+C composition of 49 to 65 mol%), and Oceanospirillum (containing marine spirilla having a G+C composition of 42 to 48 mol%).
While searching for freshwater spirilla in West Bengal, we discovered a large spirillum whose numbers varied with environmental temperature. The organism appeared t o represent a new species of Aquaspirillum, and the present report deals with its isolation, characterization, and taxonomic status.
MATERIALS AND METHODS
Source of the organism. Out of 30 inland freshwater ponds scattered over the districts of Burdwan and Hooghly in West Bengal, water samples from one pond in Khanyan in the Hooghly district were found to contain large spirilla. The organisms were detectable in microscopic examination of wet mounts only during months when the temperature of the pond water was 30 C or above. The population density was maximal during June and July when the water temperature was 34 t o 36 C, and consequently enrichment techniques and isolation of the organism were performed at this time. Attempts to obtain enrichment cultures of the spirilla during the cooler months were largely unsucce ssful.
Enrichment and isolation. Enrichment was accomplished by adding 10 ml of the pond-water samples to 90 ml of sterile 0.5% peptone (Oxoid) contained in 250-ml Erlenmeyer flasks. The number of spirilla increased from their initial level of lo4 cells/ml to a level 100 to 400 times greater within an incubation period of 24 to 72 h at room temperature (30 C), but the enrichment was in m way selective. Incubation for longer periods resulted in a rapid decrease in the spirilla. ' After enrichment, a further concentration of the spirilla was achieved by low-speed centrifugation (1,000 X g for 5 min); the spirilla, being comparatively larger than the other bacteria present, were sedimented more rapidly. The supernatant was carefully decanted, and the sediment was suspended in 2 ml of sterile tap water.
For isolation, two techniques were tried. A glass capillary method, which made use of the faster motility of spirilla compared with other bacteria present and which had been used sucessfully for isolation of Spirillum volutans by Rittenberg and Rittenberg ( 5 ) and by Wells and Krieg (9), proved ineffective. A dilution plating method, however, did prove successful. From a series of decimal dilutions of the concentrated spirilla, 0.1 -ml samples were spread 454 KUMAR ET AL. INT. J. SYST. BACTERIOL. on the surface of various solidified media. Colonies were obtained only on the following medium: Evans peptone, 5.0 g; tomato extract (prepared by pressing pieces of fresh ripe tomatoes through cheesecloth and filtering the juice through paper), 40 ml; agar powder (Kobe, Japan), 20 g; and pond water, 1,000 ml. The pH was adjusted to 7.4 with KOH, and the medium was sterilized at 121 C (15 Ib/in2) for 15 min. Dilution plates were incubated at 40 C for 72 h and were then examined for the presence of colonies of spirilla with a low-power microscope. The selected colonies were transferred to slants of the tomato extract agar and purified by repeated dilution plating.
Characterization methods. Methods for the determination of cell dimensions, electron microscopy, biochemical and nutritional characteristics, and DNA base composition, as well as the test media employed, were as described by Hylemon et al. (2) , with the exceptions and additional tests noted below. Intracellular granules were stained by the method of Neisser (4). All characterization tests were performed with cultures incubated at 40 to 41 C. The capacity of the organism t o transfer electrons to methylene blue from various substrates was tested by the Thunberg technique (8). Minimal inhibitory concentrations of penicillin and streptomycin were determined by inoculating one loopful from a 24-h-old culture to 1.0% peptone broth (pH 6.8) containing graded concentrations of either streptomycin sulfate or the potassium salt of benzyl penicillin. The growth response was estimated visually after 24 h of incubation at 40 C, and the lowest concentration of antibiotic that completely inhibited growth was determined. Utilization of compounds as sole carbon or sole nitrogen sources was tested as described by Hylemon et al. (2) with the following modifications: (i) the inoculum consisted of 0.05 ml of a suspension prepared by culturing cells for 24 h in 10 ml of peptone-succinate-salts broth (2) contained in a 20-by 125-mm tube, washing the cells once in sterile saline (0.85% NaCl), and suspending the cells in saline to their original concentration. The inoculum contained an average count of 3 X lo5 cells. (ii) Growth responses were measured with an EEL colorimeter (Evans Electroselenium Ltd., Halstead, Essex, England) using a green filter (540 nm) and 16-mm cuvettes. Hylemon et al. ( 2) defined a positive growth response as the production of at least 10 Klett units of turbidity for the second serial transfer at 72-h incubation, using a blue filter (420 nm) and 16-mm cuvettes; this turbidity corresponded to a measurement of 0.03 with the EEL colorimeter, and a positive growth response was based on this value rather than on Klett units.
The degree of serological cross-reaction, with respect to thermolabile antigens, be tween the Bengal isolate and Aquaspivillum putridiconchylium ATCC 15279 was determined by methods previously described by McElroy and Krieg (3).
RESULTS
The morphological features of the organism and its colony characteristics are as follows: cell diameter, 0.9 to 1.2 pm; cell length, 5.2 to 22.0 pm; wavelength, 4.6 to 8.1 pm; diameter of helix, 1.7 to 2.3 pm; swimming speed (measured for individual cells by use of a calibrated ocular micrometer and a stopwatch), 40 t o 5 2 um/s; colony diameter, 3 to 4 mm. Intracellular granules were present, Flagellation was in bipolar tufts. Coccoid bodies in older cultures were not predominant. The colony color and density were light brown and translucent, respectively. Colony contour was a raised center with thinner flat periphery; colony margin was undulate to erose. An electron micrograph demonstrating the bipolar tufts of flagella is presented in Fig. 1 .
An examination of wet mounts from peptone-succinate-salts broth cultures indicated that after approximately 5 min the organisms migrated toward the margin of the coverslip and formed a zone of concentration at a short distance from the margin in a manner similar to that previously reported for S. volutans (9). Such behavior suggested that the organisms might prefer microaerophilic conditions for growth. The organism did not possess the usual oxygen relations expected for aerobic bacteria in that mechanical shaking of cultures failed to increase the rate of growth. It is clear, however, that the organism is not an obligate microaerophile like S. vohfans because it does grow well in an air atmosphere.
The spirillum exhibited no growth at 10 or 45 C. A maximal growth response occurred at 41 C ( Table 1) . Slight growth occurred at 15 C and moderate growth occurred from 20 t o 37 C, increasing with temperature. When the effect of pH of growth responses was tested in phosphate-buffered broth, the organisms tolerated a pH range from 6.0 to 8.4 , the optimum being 7.2.
The biochemical characteristics, DNA base composition, and antibiotic sensitivities of the organism are summarized in Incorporation of varying amounts of NaCl into defined basal medium, containing a combination of succinate, pyruvate, and glutamate (0.1% each) as the carbon source, indicated that the organism could tolerate 0.5% NaCl but could not grow with 1 .O% NaC1.
Homologous titers of anti-t hermolabileantigen sera prepared against the Bengal isolate and against A . putridiconchylium ATCC 15279 were 1 : 1,280 and 1 : 10,240, respectively. When used at a dilution of 1:20, neither antiserum caused cross-agglutination with the heterologous strain.
DISCUSSION
Because the Bengal spirillum can grow aerobically, possesses a cell diameter of 0. al. (2) . The DNA base composition matches only two species within this genus: A . serpens (G+C = 50 t o 51 mol%) and A . putridiconchylium (G+C = 5 2 mol%) (2).
The cell diameter of the Bengal spirillum is also similar to those of these two species (0.6 t o 1.1 pm for A . serpens and 0.9 to 1.1 pm for A . putridiconchylium). The Bengal strain also resembles both of these species in several other ways: presence of poly-0-hydroxybutyrate; absence of coccoid bodies in older cultures; positive phosphatase reaction; H2 S from cysteine; ability to grow in the presence of 1% bile but not 1% glycine; inability to grow anaerobically with nitrate; failure t o produce acid reactions from carbohydrates; failure to reduce selenite; and inability to use citrate, carbohydrates, aliphatic alcohols, tyrosine, arginine, lysine, leucine, isoleucine, valine, methionine, cysteine, or glycine as a sole carbon source. A further comparison of other characteristics for A . serpens and A . putridiconchylium (2) with those of the Bengal strain indicates that the latter resembles A . putridiconchylium to a greater extent than it does A . serpens; however, some differences between the Bengal strain and A . putridiconchylium do occur. These include the high optimal temperature for the Bengal and a narrow range of amino acids can serve as sole carbon sources when ammonium ions are supplied as a nitrogen source; histidine cannot be utilized, however. A wide variety of amino acids, including serine, leucine, isoleucine, lysine, and arginine, can be utilized as sole nitrogen sources when succinate plus malate is supplied as the carbon source; cysteine, histidine, and aspartate cannot be utilized, however. The G+C content of the DNA is 51 mol%. Source: Freshwater pond in West Bengal, India.
Type strain. The only isolate of the species presently available has been deposited with the American Type Culture Collection under the number 27641. We designate this strain as the type strain for the species. The description of the type strain is the same as that given above for the species.
